Abstract.-Boundary conditions f o r the Usade equatsons a t a plane wall conducting interface a r e it found t o c o n s i s t i n continuity of F and ND ( -iZeA/$)F. These conditions are used t o find the eff e c t i v e boundary conditions f o r the Ginzburg-Landau equations a t the S-N interface, as well as the current-phase relationship f o r S-N-S sandwiches with a short electron mean f r e e path.
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INTRODUCTION.-The Usadel equations/l/ give one a convenient t o o l f o r calculating the dc properties of superconducting s t r u c t u r e s i n the d i r t y l i m i t .
However, i t was s t i l l unclear which boundary cond i t i o n s a r e to be used f o r these equations i n the analysis of the properties of S-N and S-N-S structures.
In t h i s paper the proper boundary conditions as well as the r e s u l t s of t h e i r application t o two basic problems a r e reported.
BOUNDARY CONDITIONS.-S t a r t i n g from the Eilenberger equations/2/ one can show t h a t within the d i r t y l i m i t these are the Usadel functions F(r,w) which a r e t o be continuous a t the plane(*) i n t e r f a c e between two metals i n the case of small e l e c t r o n ref l e c t i o n from the boundary. Taking i n t o account the conservation of current, we find t h a t the product Figure I shows the r e s u l t of the calculation.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19786250 Fig. 1 : Dependence of the e f f e c t i v e length b ( s e e i n s e r t ) , determining the e f f e c t i v e boundary condit i o n ( 1 ) f o r t h e Ginzburg-Landau equation, on t h e parameter y (2) f o r t h e plane S-N i n t e r f a c e .
S-N-S SANDWICH.-Analysing t h e Josephson e f f e c t i n d i r t y (R<<EN,d) sandwiches, the most i n t e r e s t i n g s i t u a t i o n i s encountered when 5 and EN a r e comparable, but the conductivity (SN of the i n t e r l a y e r material i s much l e s s than t h a t of t h e e l e c t r o d e s (os).
For t h i s case, t h e parameter y can be assumed t o be small, and i n s t e a d of equation (3) Thus, t h e r e l a t i o n s h i p between t h e supercurrent I and the phase d i f f e r e n c e 41 of the order parameter a t the i n t e r f a c e s i s j u s t the same a s i n the S-N-S v a r i a b l e thickness bridges (VTB) /5/ :
where I. = nA:/4ek~$ 'L (Tc-T) i s the maximum poss i b l e value of the c r i t i c a l current i n t h e Josephson s t r u c t u r e with t h e normal r e s i s t a n c e =N.
A t l a r g e values of r (r>>maxp , c N / q ) t h e ord e r parameter a t the boundaries of the i n t e r l a y e r i s reduced because of the proximity e f f e c t . I f the thickness d is much l a r g e r than EN, t h i s suppression of I A~ is independent of $ and t h e Is($) r e l a t i o ns h i p i s sinusoidal. On the contrary, a t d/EN < 1 -t h e superconductors "feel" the phase of each o t h e r through the i n t e r l a y e r , so the suppression i s s t r o n g e s t a t $"T and weakest a t $ "0. Since Is i s proportional t o IA~', t h e dependence I (4) deviates S from the s i n u s o i d a l form and has a maximum a t $<.rr/2 d Is/IO = -
I f the i n t e r l a y e r is t h i n (d/<N<<I',I'-l), the supercurrent through the sandwich can be s t r o n g enough t o cause t h e depairing e f f e c t i n the electrodes. The corresponding c r i t i c a l c u r r e n t is a l s o achieved when $<n/2. Figure 2 shows the t r a n s i t i o n from the VTB l i m i t (7) t o the depairing l i m i t (9) with decreasing sandwich thickness a t t h e f i x e d value of F. These p l o t s , as well a s t h e asymptotic expressions (7)-
( g ) , demonstrate t h a t f o r the given m a t e r i a l s of the e l e c t r o d e s and i n t e r l a y e r t h e product IcRN has a maximum p o s s i b l e value a t the intermediate thickness of t h e sandwich, c l o s e t o t h e decay length 5 of N t h e normal m a t e r i a l of the i n t e r l a y e r .
